The rise of intangible assets in size and contribution to corporate growth over the past quarter century was accompanied by a steep increase in the rate and scope of patenting. Consequently, many patent-rich companies, particularly in the science-based and high-tech industries, are extensively engaged in the licensing and sale of patents. We examine various valuation and disclosure aspects of the outcome of patent licensing-royalty income. Our findings indicate the following: (1) royalty income is highly relevant to securities valuation, (2) the intensity of royalty income provides investors with an important signal about the quality and prospects of firms' R&D expenditures, and (3) a substantial number of companies engaged in patent licensing do not disclose royalty income in financial reports.
INTRODUCTION
C orporate investment in intangible assets-research and development (R&D), software, brand enhancement, employee training, and the development of unique organizational designs and processes (organization capital)-was estimated at $1 trillion in 2000, rivaling the corporate sector's investment in physical (tangible) assets (Nakamura 2003) . The S&P 500's average marketto-book ratio surpassed 4.5 in September 2003, indicating that the value of intangible assets, proxied by the difference between market and book values, substantially exceeds the value of physical and financial assets. 1 Various studies indicate that the returns on intangible investments, particularly R&D, are substantially higher than returns on physical assets and firms' cost of capital, implying that intangibles are the major contributor to corporate earnings and growth (Nadiri 1993; Hall 1996; Cameron 1998) . The prominence of intangibles among corporate assets naturally creates incentives to trade in these assets in order to provide firms with liquidity and risk-sharing opportunities.
Trade in intangibles is, however, hindered by the relatively high information asymmetry between potential sellers and buyers of intangibles. For example, developers of drugs or software products enjoy a large informational advantage over prospective buyers of such in-process R&D,
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their patents-the outcome of R&D efforts-enhances investors' confidence in the technological capabilities of these companies, and in the prospects of their R&D.
• Despite the evident valuation relevance of royalty income, a substantial number of companies engaged in patent licensing choose not to report this item. The next section discusses our sample and provides summary statistics, followed by the presentation of the valuation implications of royalty income, the evidence on the signaling role of royalty income regarding R&D, and comments on disclosure issues.
SAMPLE AND SUMMARY STATISTICS
We obtained our sample by conducting an automated keyword search of "royalties," "licensing income," and similar terms in corporate annual reports and 10-K filings available on Nexis for the period 1990-1998. 5 A total of 198 companies were identified as reporting annual royalty income from the licensing of patents. 6 The number of firms that disclosed royalty income varies by year, with the highest in 1996 (188 firms) and the lowest in 1990 (94 firms). Financial statement data for our tests were retrieved from Compustat, and stock prices and returns were obtained from the CRSP monthly files. Table 1 presents the industry composition of the sample. Typical R&D-intensive industries dominate the sample, with pharmaceutics (including biotech) companies accounting for the largest concentration of the sample-23.2 percent. The preponderance of patent licensing among pharmaceutics and biotech companies is attributed to the ability of owners of intellectual property in these industries to clearly define property rights and defend ownership against infringement. Specifically, the exact molecular construct of pharmaceutics and biotech patents establishes unambiguous property rights and facilitates the substantiation of claims concerning patent infringement. In other economic sectors, such as food products or durable goods, it is relatively easy to infringe on intellectual property rights by "inventing around the patent," thereby hindering the licensing of patents. This is particularly relevant for the recently popular "business method" patents of financial and Internet companies, and it could explain the paucity of patent licensing in these sectors.
Summary statistics of the sample are reported in Table 2 . The mean earnings is negative (-0.5 percent of stock price), whereas median earnings is positive (2.9 percent), indicating that a few sample firms have relatively large losses. Royalty income represents 7.2 percent, on average, of net earnings (13.7 percent for profitable companies). The mean and median values of market capitalization are $2,971 million and $147.2 million, respectively, where the large difference indicates the existence of a few sizeable companies in the sample. 7 The mean and median annual stock returns of the sample firms were 12.4 percent and 7.1 percent, respectively.
5 Starting in 1999, Nexis academic services no longer provides the keyword search required for our sample selection. 6 Examples of disclosures of royalty income (in millions of dollars):
1 How representative is our sample of all companies engaged in R&D (potential licensors of patents)? The mean (median) ratio of R&D expenditures-to-market value of all Compustat firms engaged in R&D during 1990-1998 was 8.4 percent (4.2 percent) versus 9.2 percent (5.1 percent) for our sample. 8 Thus, not surprisingly, firms engaged in patent licensing are more R&D-intensive than the average R&D firm. The degree to which our sample represents the population of patent licensors is more difficult, if not impossible, to ascertain. Research (e.g., Arora et al. 2000) and anecdotal evidence (Rivette and Kline 2000a) indicate the existence of several large licensors (e.g., IBM, Apple, Sun Microsystems, Eli Lilly) that are absent from our sample due to nonreporting of All level variables except MV and SIZE are deflated by market value as of nine months before the end of fiscal year t. NI is earnings before extraordinary items of year t. RTY is patent royalty and licensing income of year t. RD is R&D expenditure of year t. RTY/NI is the ratio of patent royalty and licensing income to earnings before extraordinary items of year t. RET is the stock return for fiscal year t, calculated for the period from nine months before to three months after the end of year t. MV is market capitalization at the end of year t. SIZE is average total assets of year t.
Accounting Horizons, March 2004 patent royalties. 9 In a specific examination of 25 leading biotech, pharmaceutical, and chemical companies over 1999-2001 (details reported in the Appendix), we find that about half the companies did not report royalty income, although they provided a general discussion of patent licensing in their financial reports.
VALUATION IMPLICATIONS OF ROYALTIES
We use the following cross-sectional regression to examine the valuation implications of royalty income:
where:
RET it = company i's annual stock return for fiscal year t, calculated for the period from nine months before to three months after the end of fiscal year t (to reflect the information provided in year t's annual report); NI it and NI i,t-1 = company i's earnings before extraordinary items for fiscal years t and t-1, respectively; and RYT it and RTY i,t-1 = company i's royalty income for fiscal years t and t-1, respectively.
All independent (right-side) variables in Model (1) are scaled by market value as of nine months before fiscal year t end (namely at the beginning of the return cumulation period).
The dependent (left-side) variable in Model (1)-annual stock return-reflects new information that becomes available to investors during the year. Earnings and presumably royalty income are part of this information set, and Model (1) quantifies the roles of earnings and royalties in investors' decisions. Researchers have shown that current-period earnings are partially predictable by earnings from prior periods. The predictable part of earnings is reflected in previous year's stock return, and it acts like noise when trying to explain this year's return, thereby biasing a 1 toward zero. To reduce this bias, we include prior-year income, NI i,t-1 , in the regression, so that a 1 captures the association between RET it and that part of NI it that is unpredictable from the prior year's earnings. (See Biddle et al. [1995] for details.) The same argument holds for including both current-and prior-year royalty income in Model (1).
Model (1) is estimated separately for each sample year, 1990-1998, and we report in Tables 3  and 4 the mean value of yearly coefficient estimates from the nine annual regressions. To allay concerns that observations are not independent across companies, we base our inferences on t-statistics regarding the means of the nine estimates. Results from a pooled time-series and crosssectional regression of Model (1) are similar to those reported in Table 3. 10  Table 3 presents summary statistics of the annual regressions of Model (1). It is evident from the estimates in the right column of the table that both net income (NI t ) and royalty income (RTY t ) are highly statistically significant in relation to stock returns. The coefficient of royalty income, 3.973, relative to the coefficient of earnings, 1.282, indicates that investors place an extra value of 3.973/ 9 In wake of the Enron-related disclosure concerns, and under shareholder pressure, IBM disclosed in February 2002 some information concerning royalty income. "Mr. Joyce [IBM's CFO] also for the first time provided a breakdown of IBM's income from two categories of intellectual property, which were used to reduce its SG&A [selling, general, and administrative expense] totals … In the second category, income from licensing IBM's patents on semiconductors and other products, Big Blue's income totaled about $500 million in 2001, down from about $600 million in the prior year" (Wall Street Journal 2002) . Note that IBM's policy had been to offset intellectual property income against SG&A in its income statement, allegedly to make the company "appear to be more efficient and cost-conscious than it is" (Wall Street Journal 2002). 10 We computed, but do not report, the correlations between the variables (scaled by market value) examined in the study. 1.282 on $1 of royalty income relative to $1 of other income. This, apparently reflects the relative permanence of royalty income-patent licensing contracts typically range over four to five years. The large coefficient of royalty income may also reflect the positive implications (signaling) of such income with respect to the technological and innovation capabilities of licensing companies, an issue examined in "The Signaling Role of Royalty Income" section. Comparison of the two columns in Table 3 indicates that when royalty income is included in the regression separately from earnings, the value of R 2 (i.e., explanatory power) increases from 3.4 percent to 6.1 percent, another indication of the value-relevance to investors of the information inherent in royalty income. 11 To examine the impact of extreme observations ("outliers") on our estimates, we reran Model (1) after eliminating from the sample those firms in the top and bottom percentile (1 percent) of the examined variables. Alternatively, we winsorized the sample, namely set the values of the top and bottom 1 percent observations equal to the closest, unwinsorisized observation. Estimates from these regressions (not reported) are very close to those in Table 3 , except that the coefficients of earnings (1.421) and royalties (4.149) in the winsorized regressions are somewhat larger than those in Table  3 . Thus, extreme observations do not affect our estimates and inferences.
In light of the evidence in Table 3 , we conclude that royalty income is highly valued by investors. We conjecture that royalty income has a higher persistence than earnings, and corroborate it by estimating a cross-sectional regression of the current value of the variable (earnings or royalties) on its lagged value. We find that the mean (median) slope coefficient of lagged royalty income is 1.202 (1.115), whereas the mean (median) coefficient for lagged earnings are 0.579 (0.532), 
. NI t (NI t-1 ) is earnings before extraordinary items of year t (t-1). RTY t (RTY t-1 ) is patent royalty and licensing income of year t (t-1). All independent variables are deflated by market value as of nine months before the end of year t.
respectively. A t-test (Wilcoxon test) rejects the null hypothesis that the mean (median) coefficient for royalty income is the same as that for earnings at the p = 0.01 level. Thus, the large coefficient of royalty income reflects the high persistence (quality) of this source of value. A natural question is whether royalty income provides additional (indirect) information to investors about the all-important technological and innovation capabilities of companies, and in particular the prospects of their R&D expenditures. We consider this issue next. IBM Corp. said it will license a design for a communications chip from LSI Logic Corp., giving a major boost to LSI's efforts to create an industry standard in the fast-growing field of digitalsignal processors. LSI has pushed its "open standard" chip as an alternative to the industryleading designs of Texas Instruments, Inc. The chips are used to convert radio waves and other natural signals into digital forms, and are used in communications devices from cellular phones to sophisticated switching systems. IBM and LSI declined to discuss terms of their licensing deal. "This will certainly help IBM and it gives more credibility to LSI's chip," said Tony This statement by the chief technology officer of Semico Research demonstrates how patent licensing enhanced the credibility of LSI's product. Thus, royalties from patent licensing may bolster investors' perceptions of the licensor's technological capabilities and alleviate some uncertainty about the outcome of its R&D activities. 12 Technological and innovation capabilities-key to the success of many business enterprisesare acquired primarily through investment in intangibles, such as R&D, information technology, and human resources. Firms' technological capabilities, however, are difficult to observe. New products or services-the outcome of these capabilities-are observable, but their impact on revenues and earnings is seldom separated from that of established products. 13 R&D is the major publicly available proxy for technological and innovation capabilities, but it is a noisy proxy. Some R&D expenditures are successful, leading to new products, services, and processes, while many others come to naught. For example, AT&T did not benefit from its development of the cellular phone technology in the 1970s, since it decided to abandon this technology. 14 More recently, the $5 billion investment of Motorola and partners in the development of the Iridium (communications satellites) project vanished, as Iridium declared bankruptcy. Indeed, empirical research (e.g., Kothari et al. 2002) confirms that the variability of earnings associated with R&D is substantially higher than the variability of earnings associated with physical assets. 15 Given the substantial uncertainty associated with R&D outcomes, investors in R&D-intensive companies can be expected to search for information concerning the prospects of firms' R&D activities. The existence and intensity of royalty income from patent licensing may provide such 12 The information (signaling) effect of licensing is also demonstrated by the Wall Street Journal (2000) report on Palm's licensing agreements with Nokia and Sony, which quotes the CEO of Indigo as saying, "Those licensing deals made it clear to us that Palm was a company with legs." 13 A few firms do provide voluntary information about the share of total revenues generated by recently introduced products. For example, the 2000 annual report of 3M included the following information: "In 2000, the company experienced one of the highest levels of innovation in our history, generating $5.6 billion-nearly 35 percent of total sales-from products introduced during the past four years, with over $1.5 billion of sales coming from products introduced in 2000." 14 This decision was made by AT&T after a major consulting firm concluded that cellular (wireless) communication would not be commercially viable. 15 This variability, of course, gives rise to accountants' concern with the reliability of capitalized R&D. information. If licensing technology increases a firm's credibility (see LSI quote above), then investors will place a higher value on technology firms with large levels of licensing income. Royalty income may thus serve as a "Good Housekeeping seal" for the firm's R&D expenditures and its technological capabilities. 16 Table 4 presents tests of the signaling hypothesis of royalty income. We expand Model (1) to include the current-and prior-year R&D expenditures, and add an interaction term between royalty income and R&D, and between royalty income and net income. R&D is coded as a positive number, even though it is a GAAP expense. The estimates reported on the left-hand column of Table 4 indicate that R&D is positively and significantly valued by investors (relative to other expenses), a result consistent with earlier studies (Lev and Sougiannis 1996) . Our conjecture about the signaling (confirmatory) role of royalty income regarding the prospects of R&D is corroborated by the positive and significant coefficient of the interaction term of royalties and R&D (RTY × RD). The coefficient on the interaction term, 1.441, implies that a 10 percent increase in the intensity of royalties (relative to market value) will add 0.144 to the coefficient of R&D (1.336), amounting to an addition of 12 percent to the multiple investors assign, on average, to R&D expenditures. This is on top of the valuation assigned to royalty income itself, as reflected by the coefficient of RTY (2.582).
THE SIGNALING ROLE OF ROYALTY INCOME
Further insight into the signaling effect of royalty income is obtained by estimating the expanded Model (1) for biotechnology and pharmaceutical companies vs. the remaining sample firms. The focus on biotech and drugs derives from the fact that the R&D of these companies is mostly in the form of "basic research," aimed at the discovery of new science and technology, whereas most of the R&D in other sectors (e.g., electronics, software, cars, oil and gas) is "applied research," primarily aimed at modifying and improving existing products and technologies. Some R&D, particularly prevalent in chemical and oil companies, is in the form of "process R&D" that is aimed at improving the efficiency of production and delivery processes, rather than generating new products. It is generally believed that the uncertainty associated with basic (next-generation) research is substantially higher than that of applied or process R&D. Basic research is subject to both technological uncertainty (will the product work?) and commercial (market) uncertainty (will it be first to market?). Applied R&D is generally subject to commercial uncertainty only, given that the existing product proved to be technologically feasible. Process R&D has no commercial uncertainty since improvements in production processes are implemented internally, rather than sold to customers. Given that basic research faces both high technological and commercial uncertainty, we expect the signaling impact of royalty income to be more pronounced for the R&D of biotech and drug companies than for R&D in other industrial sectors.
The two regressions reported in the right-hand columns of Table 4 confirm this expectation. The coefficient of the interaction term between royalty income and R&D for biotech and drug companies (2.307) is double the interaction term coefficient of the remaining companies (1.115). The difference between coefficients is statistically significant, based on estimates from a regression using all companies in which biotech and drug companies are allowed to have different coefficients from other companies. Thus, investors appear to place more emphasis on the intensity of patent licensing in companies where quality information is needed most-those intensive in basic research. 17 Our valuation analysis in this and the preceding section thus indicates: (1) that royalty income is a potent source of shareholder value, and (2) that the intensity of royalty income serves as a quality Table 3 notes for definitions of other variables. All independent variables are deflated by market value as of nine months before the end of year t.
signal for the firm's R&D activities. Such considerable valuation-relevance of an information item naturally leads to an examination of disclosure issues.
DISCLOSURE ISSUES
Despite the demonstrated value-relevance of royalty income and the steep increase in the volume of patent licensing, our sample exhibits a temporal decrease in the number of companies disclosing royalty income. 18 Some early disclosers in our sample (e.g., Texas Instruments) stopped reporting royalty income in later years. To gain further insight into recent disclosure patterns of royalty income, we examine the 1999-2001 financial reports of 25 leading companies in three industries mostly likely to engage in patent licensing: biotech (15 companies), pharmaceuticals (five companies), and chemicals (five companies). (Details of this examination are provided in the Appendix.) Overall, we find that roughly half the selected companies provide quantitative information about royalty income, while most of the remaining companies discuss patent licensing in the financial report without providing royalty income numbers. We cannot rule out that royalty income for some nondisclosers was immaterial, although for the biotech companies immateriality seems unlikely since their earnings are often negligible.
We consider the disclosure of royalty income to be part of a larger issue concerning the adequacy of financial information about intangible assets. This issue has gained considerable momentum in recent years due to increasing evidence on the substantial economic value created by intangible assets and the distortions in financial reports resulting from the current accounting for them. 19 Indeed, various regulatory bodies have recently conducted extensive examinations of the information available to investors, concluding that information on intangible assets is particularly deficient. For example, the main recommendation of the SEC Task Force, Strengthening Financial Markets: Do Investors Have the Information They Need, is as follows:
Create a new framework for supplemental reporting of intangible assets and operating performance measures. We recommend that the SEC … move forward with a framework for voluntary supplemental reporting for intangible assets, operating performance measures and other information that would help investors assess a company's future performance … [We] anticipate that a dedicated group of experts … would be asked to develop a best practice report for companies interested in adopting enhanced disclosure. (SEC 2001, 2) Similarly, the FASB's extensive examination of the voluntary disclosures of six to nine large companies in each of eight industries concluded the following:
Although some disclosures were found about unrecognized intangible assets, additional data about those assets would be beneficial because of the importance of intangibles to a company's value. Intangibles include not only those resulting from research and development but also human resources, customer relationships, innovations and others … Companies are encouraged to continue improving their business reporting and to experiment with the types of information disclosed and the manner by which it is disclosed. (FASB 2001, VI) (emphasis added)
This study was followed in January 2002 by an FASB announcement of the addition of "Disclosures about Intangible Assets" to its agenda, aiming "to establish standards that will improve disclosure of information about intangible assets that are not recognized in financial statements" (FASB 2002) . In 2003, however, this project has been deactivated by the FASB (http://www.fasb.org/ project/intangibles.shtml). Based on the evidence presented in this study, we believe that information about patent licensing and royalty income falls within the FASB's category of "information about intangible assets that are not recognized in financial statements" (i.e., internally generated patents). A comprehensive analysis of the disclosure of royalty income should, of course, consider the cost of disclosing proprietary information.
SUMMARY
Intangible assets have become over the last 20 years the prime generators of corporate earnings and growth. Relatedly, the number of patents applied for and granted, as well as the pervasiveness of patenting across industries, has increased considerably over that period. Patent licensing and the resulting royalty income have been increasing as well. This study examines various valuation and disclosure issues concerning royalty income. Our analyses indicate the following: (1) royalties from the licensing of patents are a potent source of shareholder value, (2) the intensity of royalty income serves as a signal for the quality and potential of firms' R&D expenditures, and (3) a considerable number of companies engaged in patent licensing do not disclose royalty income to investors. The importance of royalty income in explaining stock returns should be of interest to accounting regulators concerned with the disclosure of information about intangible assets.
